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OBJECTIVE — To examine the effects of baseline and incident diabetes on change in cognitive 
function over 12 years. 

RESEARCH DESIGN AND METHODS— A sample of 1,290 individuals aged >40 years 
at baseline, participating in the Maastricht Aging Study, were cognitively tested at baseline, after 6 
years, and after 12 years. Of these, 68 participants had type 2 diabetes at baseline, and 54 and 57 
had incident diabetes at the 6- and 12-year follow-up, respectively. Changes in performance on 
tests of information-processing speed, executive function, and verbal memory from baseline to 
6- and 12-year follow-up were compared between groups using linear mixed models. Effects of 
diabetes on cognitive decline were adjusted for demographic variables, history of smoking, 
alcohol intake, and comorbid conditions, including hypertension, cardiovascular disease, 
BMI, and depression. 

RESULTS — Participants with baseline diabetes showed larger decline in information-process- 
ing speed (estimate — 7.64; P < 0.01), executive function (21.82; P < 0.01), and delayed word 
recall (—1.35; P < 0.05) over the 12-year follow-up compared with control subjects. No signif- 
icant difference in decline was observed for immediate word recall. Compared with control sub- 
jects, participants with incident diabetes showed subtle early decline in information-processing 
speed only. Interestingly, they did not show larger decline in any other cognitive domain. 

CONCLUSIONS — Individuals with baseline type 2 diabetes show accelerated cognitive de- 
cline, particularly in information-processing speed and executive function, compared with indi- 
viduals without diabetes. In incident diabetes, decline in speed becomes detectable first, and 
cognitive decline seems to increase with increasing exposure time. 



Type 2 diabetes is associated with an 
increased risk of cognitive impair- 
ment and dementia (1-3). Mech- 
anisms underlying these associations 
are not well-understood, but macro- 
and microvascular disease might play 
an important role given their preva- 
lence in diabetes (1) and dementia (4). 
Despite the increased risk of dementia 
and cognitive impairment, studies into 
the cognitive trajectories of patients 
with type 2 diabetes have been incon- 
clusive. 
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Although some studies showed that 
cognitive decline in diabetic patients is 
largely within the range of normal aging 
(5-7), others have shown a greater cogni- 
tive decline in diabetic patients compared 
with control subjects (8-10). However, in 
most studies, the observed differences 
were generally small, and the follow-up 
duration was relatively short, with an aver- 
age of 5 years (11). It might be that dia- 
betes-associated cognitive dysfunction 
takes several years to emerge and that the 
follow-up durations of most previous 



studies are too short to detect substantial 
differences in cognitive decline. In addi- 
tion, studies focused on baseline diabetes 
and hence the effect of incident diabetes 
on cognitive change over time is not ade- 
quately addressed. It is important to study 
this effect to increase the understanding 
of cognitive changes early in the disease. 

Therefore, this study presents 12-year 
follow-up data from a population-based, 
prospective cohort study to investigate 
the effects of baseline and incident type 
2 diabetes on decline in several cognitive 
domains. We hypothesized that 1) 
participants with baseline type 2 diabetes 
would show a larger cognitive decline 
than participants without diabetes; 2) 
given their shorter exposure time, the 
rate of decline of those with incident 
diabetes at follow-up would lie between 
that of participants with baseline diabetes 
and those without diabetes; and 3) asso- 
ciations between diabetes and cognitive 
decline could not be fully explained by 
risk factors that are potentially related to 
both diabetes and cognitive function. 

RESEARCH DESIGN AND 
METHODS 

Sample 

The current study was performed as part 
of the Maastricht Aging Study (MAAS), a 
longitudinal study of determinants of 
cognitive aging (12). A total of 10,396 
people were sampled from the Registra- 
tion Network Family Practices (RNH), a 
patient register of collaborating general 
practitioners in the province of Limburg, 
the Netherlands (13). Patients in the RNH 
register are considered representative of 
the Limburg and Dutch population with 
respect to demographic characteristics 
(age, sex, and educational level) (12). Of 
these 10,396 people, 4,490 (43.2%) were 
willing to participate, 3,531 (34%) re- 
fused participation, and 2,375 (22.8%) 
did not respond to the written request. 
Medical exclusion criteria for baseline 
assessment were defined as active or in- 
active medical conditions in the RNH 
problem list that could interfere with nor- 
mal cognitive function, including coma 
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(only active), cerebrovascular pathology, a 
tumor of the nervous system, congenital 
malformation of the nervous system, mul- 
tiple sclerosis, Parkinsonism, epilepsy 
(all types), dementia, organic psychosis, 
schizophrenia, affective psychosis, and 
mental retardation. Before participation 
in MAAS, all 4,490 participants were 
screened by telephone for the following 
medical conditions not documented in 
the RNH database: history of transient is- 
chemic attacks, brain surgery, hemo- 
dialysis for renal failure, electroconvulsive 
therapy, and regular use of psychotropic 
drugs. Based on this interview, 301 par- 
ticipants were excluded. Of the remaining 
4,189 participants, 1,823 (43.5%) were 
randomly selected, stratified for age (12 
discrete age groups from 24-81 years), 
sex, and level of general ability (low/high) 
and equally distributed over four demo- 
graphically identical test panels. The local 
ethics committee approved the study, and 
all participants gave informed consent. 
At baseline, these 1,823 participants un- 
derwent a comprehensive assessment of 
medical status, lifestyle, and anthropomor- 
phic and cognitive functioning measures. 
The baseline assessment took place from 
1993-1996 and was repeated 6 and 12 
years after baseline. Only participants 
aged >40 years were included in the cur- 
rent study in order to make the sample 
more homogeneous. In addition, we ex- 
cluded four participants with type 1 dia- 
betes. The final study sample therefore 
consisted of 1,290 participants. 

Diabetes status 

Presence of type 2 diabetes was based 
on a diagnosis made by a physician (as 
reported by the study participant) and 
current medication use for diabetes re- 
ported in a questionnaire. Diagnosis of 
type 2 diabetes based on self-report has 
previously been used in large cohort 
studies (10,14) and has been shown to 
be a reliable estimate of the actual preva- 
lence of diabetes (15). To make a distinc- 
tion between type 1 and type 2 diabetes, 
participants were considered to have type 
2 diabetes when they used oral anti- 
diabetic drugs, started using insulin at 
or after the age of 40 years, or were dia- 
gnosed with diabetes at or after the age 
of 40 years. Diabetes status was assessed 
at baseline and at the 6- and 12-year 
follow-ups. 

Covariates 

Several potentially health-related condi- 
tions that might influence the association 



between type 2 diabetes and cognitive 
change over time were taken into account. 
These included self-report of present or 
past history of smoking (yes/no), alcohol 
intake (according to World Health 
Organization guidelines, less/more than 
21 standard consumption per week for 
females, less/more than 35 consumptions 
per week for males) (16), a history of car- 
diovascular disease (yes/no) as reported 
in a questionnaire, and BMI (weight in 
kg/length in m 2 ). Blood pressure was 
measured three times at 5-min intervals 
on the left arm using an automatic 
recording device (Critikon Dinamap 
8100; Critikon, Tampa, FL). Hypertension 
(yes/no) was defined as a mean systolic 
blood pressure of >140 mmHg, a mean 
diastolic blood pressure of >90 mmHg 
(17), or current use of antihypertensive 
medication as reported in a questionnaire. 
Depressive symptoms were assessed with 
the 16-item depression subscale of the 
revised Symptom Checklist-90 (score 
range 16-80) (18). Apolipoprotein 
(APOE) genotyping was determined on 
genomic DNA extracted from EDTA- 
anticoagulated blood using a PCR tech- 
nique (19). The presence (yes/no) of the 
APOE e4 (APOE-e4) risk allele, which is 
associated with an increased risk of de- 
mentia (20), was used in the current 
study. Furthermore, age, sex, and educa- 
tional level [ranging from primary educa- 
tion, 1, to university degree, 8] (21) were 
included as demographic covariates. 
Three groups were made for educational 
level: low (levels 1 to 2), middle (levels 
3-5), and high (levels 6-8). Hypertension, 
a history of cardiovascular disease, BMI, 
and depression were measured at baseline 
and each follow-up assessment. 

Assessment of cognitive function 

Cognitive function was measured at base- 
line and the 6- and 12-year follow-ups 
with a battery of neuropsychological tests 
administered by psychologists and 
trained test assistants. An a priori selec- 
tion of these neuropsychological tests was 
used to assess cognitive function in the 
current study. The Visual Verbal Learning 
Test (22) was used to assess verbal mem- 
ory. In this test, 15 nonrelated monosyl- 
labic words are presented in five 
subsequent trials on a computer screen, 
followed by a recall phase immediately 
after each trial and a delayed recall phase 
20 min after the test. The total number of 
correctly reproduced words in five trials 
was measured (immediate word recall), 
together with the number of correctly 



reproduced words 20 min after the last 
trial (delayed word recall). The Concept 
Shifting Test (CST) (23) was used to mea- 
sure executive function. In three trials, the 
participants have to cross out as fast as 
possible 16 digits in ascending order 
(CST part A), 16 letters in alphabetical 
order (CST part B), and finally 8 digits 
and 8 letters in alternating order (CST 
part C). The shifting score is calculated 
by subtracting the average time needed 
to finish part A and B from the time 
needed to finish part C. The Letter Digit 
Substitution Test (24) was used to assess 
information-processing speed. Partici- 
pants were instructed to match digits to 
letters, according to a key of letter/digit 
combinations at the top of the sheet, as 
quickly as possible within 90 s. The Mini- 
Mental State Examination (MMSE) (25) 
broadly assesses several domains of cog- 
nitive functioning and was used to mea- 
sure global cognitive functioning. 

Statistical analysis 

Differences between group characteristics 
at baseline were tested using independent 
sample t tests for quantitative variables 
(age, BMI, depression score, MMSE score, 
and baseline scores on cognitive tests), x 2 
tests for qualitative variables (sex, history 
of cardiovascular disease, hypertension, 
history of smoking, alcohol intake, and 
APOE-e4 allele), and the Mann- Whitney 
U test for the ordinal variable educational 
level. Linear regression was used to esti- 
mate the effect of baseline type 2 diabetes 
on cognitive performance at baseline. 
Next, separate linear mixed models (ran- 
dom-effects models) were run to measure 
the crude and adjusted effect of baseline 
diabetes on change in cognition from 
baseline to 6-year (Fl) and to 12-year fol- 
low-up (F2). An advantage of mixed 
models over ANOVA with repeated mea- 
sures is that it models time trajectories 
without restricting analyses to study com- 
pleters. The model included terms for a 
random intercept and a random slope. An 
unstructured covariance structure pro- 
vided the best model fit. Terms for the 
fixed effects included the intercept, base- 
line diabetes, age, age 2 (in order to control 
for nonlinear trends), sex, educational 
level, baseline history of smoking, base- 
line alcohol intake, hypertension, history 
of cardiovascular disease, BMI, depres- 
sion score, type 2 diabetes, time (Fl, 
F2), as well as the interaction terms be- 
tween Fl and diabetes and F2 and 
diabetes. APOE-e4 allele status (risk 
allele present/absent) was included as a 
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covariate in an additional analysis, as this 
was only measured in a subsample. 

A second set of linear mixed models 
tested the crude and adjusted effect of 
incident type 2 diabetes on change in 
cognitive performance over time, exclud- 
ing participants with baseline diabetes. 
This yielded three groups for comparison 
(1, no diabetes [reference]; 2, incident 
diabetes at Fl; and 3, incident diabetes at 
F2). Hypertension, past or present car- 
diovascular disease, BMI, and depression 
score were now treated as time-dependent 
covariates, thereby allowing them to covary 
with diabetes status over time. To test 
whether loss to follow-up could be pre- 
dicted by the observed variables, a logistic 
regression with lost to follow-up (yes/no) 
as a dependent variable was performed. 
A P value <0.05 (two-sided) was con- 
sidered statistically significant. All analyses 
were done in IBM SPSS Statistics 19 (SPSS, 
Chicago, IL). 

RESULTS— At baseline, 1,290 partici- 
pants (aged 40.0-82.7 years) were tested, 
of whom 68 (5.3%) had diabetes. At Fl, 
925 (75.7%) participants without type 2 
diabetes at baseline and 41 (60.3%) par- 
ticipants with diabetes at baseline were 
still in the study. At F2, the sample sizes 
were 761 (62.3%) and 21 (30.9%) for the 
two groups, respectively. The mean fol- 
low-up time was 8.7 years. Of the 1,222 
participants without type 2 diabetes at 
baseline, 54 (4.4%) participants devel- 
oped type 2 diabetes between baseline 
and Fl, and 57 (4.7%) participants devel- 
oped type 2 diabetes between Fl and F2. 
Having type 2 diabetes at baseline, being 
older, having a history of smoking, car- 
diovascular disease, higher BMI, or lower 
baseline MMSE score increased the risk of 
study dropout. 

Baseline differences 

Baseline characteristics stratified by di- 
abetes status are shown in Table 1 . Com- 
pared with participants without diabetes, 
participants with diabetes were older, 
had a lower educational level, had a 
higher BMI, were more likely to have hy- 
pertension and a history of cardiovascular 
disease, and performed worse on all cog- 
nitive measures. These between group 
differences in cognitive performance 
were still significant after adjustment for 
demographic variables, history of smok- 
ing, alcohol use, and comorbid condi- 
tions. There were no statistically 
significant differences in sex, alcohol in- 
take, history of smoking, presence of 



APOE-e4 allele, and depression score be- 
tween groups. 

Participants with incident diabetes at 
Fl were more likely to be male, were 
significantly older, had a higher BMI, 
were more likely to have a history of 
cardiovascular disease and hypertension, 
and had a lower depression score than 
participants who were free of diabetes 
during the whole follow-up period. Par- 
ticipants with incident diabetes at F2 were 
more likely to have hypertension and 
had a significantly higher BMI than par- 
ticipants without diabetes during the 
whole follow-up period. At baseline (i.e., 
before a diagnosis of diabetes was 
made), there were no significant differ- 
ences in measures for information- 
processing speed (P = 0.24), concept 
shifting (P = 0.28), immediate word recall 
(P = 0.08), and delayed word recall (P = 
0.06) between participants with incident 
diabetes at Fl and control subjects. Like- 
wise, there were no significant differences 
in information-processing speed (P = 
0.57), concept shifting (P = 0.35), imme- 
diate word recall (P = 0.26), and delayed 
word recall (P = 0.06) between partici- 
pants with incident diabetes at F2 and 
control subjects. However, participants 
with incident diabetes at F2 had a signifi- 
cantly higher MMSE score than partici- 
pants without diabetes. 

Baseline diabetes and 12-year 
cognitive decline 

Results of the association between base- 
line diabetes and cognitive change over 
time are presented in Table 2. In crude 
analyses (model 1), participants with di- 
abetes showed a significantly larger de- 
cline in information-processing speed 
and concept shifting from baseline to F 1 
and to F2 compared with those without 
diabetes. This was virtually unchanged af- 
ter adjusting for demographic variables, 
history of smoking, and alcohol intake 
(model 2) and after further adjustments 
for comorbid conditions (model 3). The 
association between diabetes and change 
in delayed word recall from baseline to F 1 
and to F2 was not significant in models 1 
and 2, but became modestly significant in 
the fully adjusted model 3. In contrast, 
there were no associations with decline 
in immediate word recall. To examine 
the effect of carrying the APOE-e4 allele 
on the association between diabetes and 
cognitive change over time, APOE-e4 was 
included as a covariate in a restricted sub- 
group of 699 individuals without and 36 
with baseline diabetes. Results were 



similar to the analyses in the full sample 
(data not shown), except that the effect of 
diabetes on decline in delayed word recall 
from baseline to Fl was not statistically 
significant anymore (P = 0.14). However, 
the magnitude of this effect was similar to 
the analysis without APOE-e4. The re- 
sults per cognitive outcome domain of 
the fully adjusted models (without 
APOE-e4) are presented in Fig. 1 . Decline 
in information-processing speed from 
baseline to F2 was three times larger for 
participants with diabetes compared with 
those without and decline in set shifting 
was four times larger. Although partici- 
pants without diabetes did not decline 
in delayed word recall, participants with 
diabetes declined by 14%. In contrast, 
there were no group differences in change 
in immediate word recall. 

Incident diabetes and 12-year 
cognitive decline 

Results of the longitudinal analyses are 
presented in Table 3. In crude analyses, 
participants with incident diabetes at Fl 
showed a larger decline in information- 
processing speed from baseline to Fl 
and to F2 (Table 3, model 1). This effect 
was considerably attenuated in the fully 
adjusted model (model 3). No differences 
were observed between participants who 
developed diabetes at follow-up and con- 
trol subjects. 

Post hoc analyses 

To better understand the effects of in- 
cident diabetes on cognitive decline, we 
performed two post hoc analyses. In the 
first analysis, the two groups with partic- 
ipants with incident diabetes were pooled 
(N = 111) to increase power. In the fully 
adjusted model, the incident diabetes 
group showed a significantly larger de- 
cline in information processing speed 
from baseline to F2 compared with the 
control group (estimate —1.62; P = 
0.04). There was no significant difference 
in decline in the other cognitive measures. 
Next, we explored whether disease- 
exposure time plays a role in the develop- 
ment of cognitive decline. We performed 
a post hoc analysis including only diabetic 
patients and measured the effect of disease 
duration on cognitive decline. Data on dis- 
ease duration (based on self-report) were 
available at baseline for 67 partici- 
pants with baseline diabetes, at follow-up 
for 44 participants with incident diabetes 
at Fl, and for 53 participants with inci- 
dent diabetes at F2. Missing values were 
replaced with the strata-specific mean of 
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Table 1 — Baseline characteristics of the study group, stratified by diabetes status at baseline and follow-up 





Diabetes status at baseline 


Diabetes status at follow- 


-up 




No diabetes § 


Diabetes 


No diabetes 


Diabetes at Fl 


Diabetes at F2 


Variables 


(n= 1,222) 


(n = 68) 


(n= 1,111) 


(n = 54) 


(n = 57) 


Age, mean (SD) 


59.4 (11.6) 


68.8 (8.5)* 


59.3 (11.7) 


62.9 (10.7)* 


^7 A (Q 1\ 
D I .T V-^-Zy 


Males 


50.3 (615) 


50.0 (34) 


A C\ A { C A C\\ 

49.4 (549) 


66.7 (36)* 


52.6 (30) 


CU-ULdLlUIldl level, illCLUdil vlv^^V 


3.0 (2-4) 


2.0 (1-3)* 


3.0 (2-4) 


2.0 (2-3) 


j.u vz— t; 


History of smoking 


70.6 (804) 


59.4 (38) 


69.7 (724) 


79.6 (39) 


/ o . o r / 


Alcohol intake high 


3.0 (35) 


4.7 (3) 


3.1 (33) 


2.0 (1) 




Hypertension 


47.5 (581) 


72.1 (49)* 


45.4 (504) 


77.8 (42)* 


01. "r 


History of cardiovascular disease 


14.2 (173) 


27.9 (19)* 


13.3 (148) 


27.8 (15)* 


17.5 (30) 






29.2 (4.4)* 


27.1 (4.2) 


29.4 (5.7)* 


29.3 (4.0)* 


Depression score, mean (SD) 


20.7 (6.2) 


21.5 (6.5) 


20.7 (6.3) 


19.5 (3.3)* 


20.8 (6.3) 


i\r n-&\ allele present 


zo.u viyoj 


JO. 1 \i- D) 


ZO. 1 \i 1 Jj 




Z.D .0 \~>\J) 


Global cognitive functioning, mean (SD) 


27.93 (1.72) 


27.18 (2.12)* 


27.89 (1.73) 


28.02 (1.66) 


28.62 (1.39)* 


Information-processing speed, mean (SD) 


45.08 (10.77) 


37.06 (11.20)* 


45.12 (10.84) 


43.33 (12.53) 


45.96 (9.04) 


Concept shifting, mean (SD) 


13.94(11.99) 


20.09 (22.21)* 


13.80 (12.03) 


15.64 (13.08) 


15.14(10.08) 


Immediate word recall, mean (SD) 


43.55 (9.56) 


35.97 (8.79)* 


45.59 (9.63) 


41.24 (9.00) 


45.05 (8.28) 


Delayed word recall, mean (SD) 


9.07 (2.98) 


7.51 (2.74)* 


9.06 (3.01) 


8.28 (2.76) 


9.84 (2.60) 



Values are percentages (numbers) of participants unless stated otherwise. The APOE genotype was only available for 699 participants without and 36 subjects with 
diabetes at baseline. Global cognitive functioning score was only available for 954 participants without diabetes and 67 participants with diabetes at baseline. For 
global cognitive functioning, information-processing speed, immediate word recall, and delayed word recall, higher scores indicate better performance. For concept 
shifting, lower scores indicate better performance. §This group includes participants who developed diabetes at follow-up. * Different from no diabetes group at 
baseline or at follow-up at P < 0.05. 



the observed values of disease duration 
within each of the three diabetes strata 
(baseline, at Fl, and at F2). Disease dura- 
tion was calculated relative to the year of 
baseline assessment. On average, diabetes 



had been diagnosed 1.01 ± 9.15 years 
(mean ± SD) after baseline assessment. 
In line with our expectation, we found 
that, after adjustment for all covariates 
described previously, increasing disease 



duration had a significant effect on de- 
cline in information-processing speed 
from baseline to 12 -year follow-up (esti- 
mate -0.19; P < 0.05). We did not 
find a significant effect of disease duration 
on immediate recall (estimate 0.04; P = 
0.72), delayed recall (estimate 0.03; P = 
0.41), or concept shifting (estimate 0.59; 
P = 0.05). 

CONCLUSIONS— This study exam- 
ined the effect of baseline and incident 
diabetes on change in multiple cognitive 
functions over a long follow-up period of 
12 years. Participants with baseline di- 
abetes performed worse on all cognitive 
measures at baseline and also showed a 
three times larger decline in information- 
processing speed and a four times larger 
decline in executive function than partic- 
ipants without diabetes. The effect of 
diabetes on memory was less pro- 
nounced. The effects on speed and exec- 
utive function were largely independent 
of APOE-e4 genotype status. 

Interestingly, no significant effect of 
incident diabetes at F 1 and F2 on cogni- 
tive decline was observed, although the 
coefficients suggested a small effect on 
decline in information-processing speed 
from baseline to 12-year follow-up. Few 
previous studies examined the effect of 
incident diabetes on cognitive decline 
(26,27). The study by Nooyens et al. 



Table 2 — Change in cognitive performance (95% CI) from baseline to 6-year follow-up 
(Fl) and to 12-year follow-up (F2) in participants with baseline diabetes relative to 
participants without diabetes before and after adjustment for various covariates 



From baseline From baseline 

to Fl to F2 



Information- 



processing speed 


Model 1 


-4 


.57 (-6.39 to -2.74)** 


-7 


.99 


(-10.72 to -5.26)** 




Model 2 


-4 


.51 (-6.36 to -2.66)** 


-7 


.74 


(-10.52 to -4.98)** 




Model 3 


-4 


.82 (-6.69 to -2.94)** 


-7 


.64 


(-10.47 to -4.81)** 


Concept 
shifting 


Model 1 


8 


.49 (3.41 to 13.56)** 


23 


.42 


(15.70 to 31.13)** 




Model 2 


8 


.04 (2.79 to 13.28)** 


20 


.00 


(11.92 to 28.08)** 




Model 3 


7 


.95 (2.72 to 13.18)** 


21 


.82 


(13.57 to 30.06)** 


Immediate word 














recall 


Model 1 


-1 


.14 (-3.54 to 1.27) 


-1 


.60 


(-4.92 to 1.73) 




Model 2 


-0 


.74 (-3.19 to 1.71) 


-1 


.03 


(-4.34 to 2.28) 




Model 3 


-1 


.23 (-3.72 to 1.25) 


-1 


.88 


(-5.28 to 1.52) 


Delayed word 
recall 


Model 1 


-0 


.78 (-1.57 to 0.02) 


-1 


.06 


(-2.19 to 0.07) 




Model 2 


-0 


.65 (-1.45 to 0.16) 


-1 


.06 


(-2.18 to 0.06) 




Model 3 


-0 


.82 (-1.64 to -0.01)* 


-1 


.35 


(-2.50 to -0.20)* 



For information-processing speed, immediate word recall, and delayed word recall, higher scores indicate 
better performance. For concept shifting, lower scores indicate better performance. Model 1, crude model; 
model 2, model 1 + adjustment for demographic variables, history of smoking, and alcohol intake; and model 
3, model 2 + adjustment for comorbid conditions (hypertension, history of cardiovascular disease, BMI, and 
depression). *P< 0.05, **P< 0.01. 
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Figure 1 — Cognitive performance (mean domain score adjusted for demographics, history of smoking, alcohol intake, and comorbid conditions) for 
participants with baseline type 2 diabetes (white circles) and participants without baseline diabetes (black circles) at baseline (0), 6-year follow-up 
(6), and 12 -year follow-up (12). For information-processing speed and immediate and delayed word recall, a higher score indicates better 
performance. For concept shifting, a lower score indicates better performance. 



(26) was performed in a restricted sample 
of middle-aged individuals followed for 5 
years. The recent study by Yaffe et al. (27) 
used two cognitive measures and 
was performed in older adults followed 
for 9 years. Though both studies did not 
find an independent effect of incident di- 
abetes on cognitive decline, both point 
out that the decline in the incident diabe- 
tes group was intermediate between the 
control group and the prevalent diabetes 
group. In a post hoc analysis in which we 
pooled the two groups with incident di- 
abetes at Fl and F2, incident diabetes in- 
deed had a significant effect on decline in 
information-processing speed. This 
might indicate that our initial model had 
missed the small differences in cognitive 
decline between incident diabetic patients 
and control subjects. So, diabetes might 
have a subtle effect on cognition even in 
the early stages of the disease. 



The finding that baseline diabetes had 
an effect on cognitive decline is in line 
with numerous previous studies with 
shorter follow-up duration (8,9), al- 
though the rate of decline in our study 
was larger than reported before, and 
some studies did not find an effect of 
diabetes on cognitive decline (5-7). 
Given the differences in the effect of base- 
line diabetes and incident diabetes, it ap- 
pears that effects of diabetes on cognition 
take time to evolve and that profound dif- 
ferences in cognition between people 
with diabetes and people without diabe- 
tes become apparent only in the long run. 
This is consistent with the finding that 
incident diabetes only had an effect on 
a measure of information-processing 
speed, which is known to be most sensi- 
tive to diabetes-related cognitive decline 
(28) and with the finding that disease du- 
ration had a significant effect on decline in 



information-processing speed. These re- 
sults seem to indicate that duration of dis- 
ease exposure plays an important role in 
the development of cognitive decline, 
which is in line with previous research 
showing that longer duration of diabetes 
is associated with increased odds of mild 
cognitive impairment (29), a possible 
prodromal stage of dementia. 

Few studies examined the effect of 
baseline diabetes on cognitive decline 
over a comparable follow-up period 
(10,30-32). In the Baltimore Longitudi- 
nal Study of Aging, no effect of diabetes 
on cognitive decline over a 12-year fol- 
low-up period was found. However, this 
study only included men and assessed 
other cognitive domains, namely visual 
memory and vocabulary performance 
(31). The Study of Osteoporotic Fractures 
has shown that lack of diabetes was pre- 
dictive of maintaining optimal cognitive 
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Table 3 — Change in cognitive performance (95% CI) from baseline to 6-year follow-up (Fl) and to 12-year follow-up (F2) in participants with 
incident diabetes relative to participants without diabetes before and after adjustment for various covariates 



Incident diabetes at F 1 



Incident diabetes at F2 



From baseline to F 1 



From baseline to F2 



From baseline to F 1 



From baseline to F2 



Information-processing 
speed 



Concept 
shifting 



Model 1 -1.70 (-3.29 to -0.10)* 

Model 2 -1.53 (-3.24 to 0.17) 

Model 3 -0.12 (-1.92 to 1.69) 

Model 1 3.60 (-0.68 to 7.89) 
Model 2 3.33 (-1.34 to 8.01) 



-3.35 (- 
-3.25 (- 
-2.21 (- 



5.56 to -1.13)** 

5.57 to -0.92)** 
4.57 to 0.15) 



1.40 (-4.44 to 7.24) 
1.81 (-4.52 to 8.14) 



0.42 (-1.21 to 2.04) -1.20 (-3.04 to 0.63) 

0.66 (-1.09 to 2.41) -0.88 (-2.83 to 1.07) 

0.73 (-1.04 to 2.51) -1.16 (-3.16 to 0.83) 

-1.44 (-5.77 to 2.88) -2.77 (-7.65 to 2.10) 

-2.04 (-6.74 to 2.66) -3.80 (-9.17 to 1.57) 



Immediate word 
recall 



Delayed word 
recall 



Model 1 
Model 2 
Model 3 

Model 1 
Model 2 



-0.29 (-2.45 to 1.87) 
0.16 (-2.17 to 2.48) 
1.31 (-1.15 to 3.77) 



-0.35 (- 
-0.32 (- 



1.07 to 0.37) 
1.09 to 0.45) 



-2.08 (-4.79 to 0.63) 
-1.87 (-4.67 to 0.94) 
-1.29 (-4.22 to 1.65) 



-0.49 (- 
-0.52 (- 



1.42 to 0.45) 
1.49 to 0.44) 



-0.41 (-2.62 to 1.81) -0.77 (-2.95 to 1.42) 
-0.11 (-2.50 to 2.28) -0.20 (2.51 to 2.10) 
0.31 (-2.14 to 2.76) - 1.06 (-3.55 to 1.43) 



-0.32 (-1.05 to 0.42) 
-0.34 (-1.13 to 0.45) 



-0.47 (-1.24 to 0.29) 
-0.32 (-1.12 to 0.49) 



For information-processing speed, immediate word recall, and delayed word recall, higher scores indicate better performance. For concept shifting, lower scores 
indicate better performance. Model 1, crude model; model 2, model 1 + adjustment for demographic variables, history of smoking, and alcohol intake; and model 3, 
model 2 + adjustment for time-dependent comorbid conditions (hypertension, history of cardiovascular disease, BMI, and depression). *P < 0.05, **P < 0.01. 



function over a 15-year follow-up as op- 
posed to minor cognitive decline in older 
women (32). The Indianapolis-Ibadan 
Dementia Project and The Atherosclerosis 
Risk in Communities Studies showed a 
modest effect of diabetes on change 
in cognition over a 15 -year and 14-year 
follow-up period, respectively (10,30). 
Stronger associations might have been 
missed because measures of general 
cognitive functioning were used (10), 
which are less sensitive to change, and 
because the study sample was restricted 
to middle-aged individuals (30), in whom 
the association between diabetes and cog- 
nitive decline might be less obvious (26). 
In contrast, the current study had no up- 
per age restriction and used a comprehen- 
sive and validated multicognitive domain 
test battery. 

In line with previous studies (33-35), 
we found that diabetes was most strongly 
related to decline in information-processing 
speed and executive function, al- 
though in these studies, the follow-up 
durations were shorter and the age ranges 
were smaller than in our study. In the 
absence of major cerebrovascular disease 
or neurodegenerative processes, decline 
in these domains has been linked to cere- 
bral small vessel disease (36,37). Indeed, 
patients with diabetes have been shown to 
have more white matter lesions, which 
have been related to cognitive functioning 
in these patients (38). Furthermore, 



microvascular disease seems to play a 
role in the development of dementia in di- 
abetic patients (1,39). Other putative fac- 
tors include hyperglycemia, which can 
have toxic effects on the brain by glycation 
of important proteins (1,2), and 
insulin, which inhibits degradation of am- 
yloid- p peptide (the main product of the 
Alzheimer's disease process) by competi- 
tion for insulin-degrading enzyme in the 
brain (1,2). 

Our study has some limitations. First, 
the size of the diabetes groups was rela- 
tively small due to the population-based 
nature of MAAS, especially the incident 
diabetes groups. We are thus likely to 
have missed more subtle associations 
between incident diabetes and cognitive 
decline, especially for the group with 
incident diabetes at Fl and decline from 
baseline to F2. Next, participants with 
diabetes and poorer global cognition were 
more likely to drop out of the study, 
which might have led to selection bias. 
Hence, our results most likely are an 
underestimation of the true effect of di- 
abetes on cognitive decline in the popu- 
lation. However, we partially accounted 
for this attrition by using mixed models, 
which does not restrict analysis to study 
completers. Furthermore, the diagnosis 
of diabetes was based on self-report or on 
antidiabetic medication use. As a diagno- 
sis of diabetes is often missed (40), some 
participants with diabetes might have 



been wrongly assigned to the nondiabetic 
group. It is unknown how this would 
have affected our estimates, but it seems 
unlikely that this accounts for the robust 
differences in the rate of cognitive decline 
between groups. Finally, because we did 
not have data on HbAlC levels, we were 
unable to examine the effect of glucose 
control on cognitive decline. 

This study also has a number of 
important strengths. These include mul- 
tiple measures of cognitive functions, 
assessment of separate cognitive domains 
by a comprehensive neuropsychological 
test battery, inclusion of important po- 
tential confounders, and a long follow-up 
time. Furthermore, we had the opportu- 
nity to measure the effect of incident 
diabetes and comorbid conditions at 
each follow-up moment. 

To conclude, this study indicates that 
patients with baseline type 2 diabetes 
show accelerated cognitive decline, par- 
ticularly in information-processing speed 
and executive function, compared with 
individuals without diabetes and that 
patients with incident diabetes show signs 
of early decline in information-processing 
speed. It seems that disease-exposure 
time plays an important role in the de- 
velopment of cognitive decline. This 
might provide a window of opportunity 
for prevention and early treatment of 
diabetes-related cognitive deficits. For 
this, it is important to assess cognitive 



care, diabetesj ournals . org 



Diabetes Care, volume 36, June 2013 



1559 



Type 2 diabetes and cognitive change over time 



status at an early stage of the disease and 
on a regular basis. Studies that focus on 
the underlying mechanisms between di- 
abetes and cognitive decline are highly 
desirable in order to develop adequate 
treatment for cognitive decline. 
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